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This listing of claims repl aces all prior versions and listings of the claims in the above- 
referenced application. 

1 . (Currently Amended) A light emitting device comprising: 
a Ill-nitride semiconductor structure including an active region disposed between an n- 
typc and a p-type region; and 

a photonic crystal structure formed in an n-type region; 

wherein the p-tvpe region is substantially planar and the photonic crystal structure 
does not extend into the p-tvpe region . 



2. (Original) The device of claim 1 wherein the photonic crystal structure 
comprises a periodic variation in a thickness of the n-type region, 

3. (Original) The device of claim 1 wherein the photonic crystal structure 
comprises a planar lattice of holes* 

4. (Original) The device of claim 3 wherein the lattice has a lattice constant a 
between about 0.1 X and about 10 A, where X is a wavelength of light emitted by the active 
region. 

5. (Original) The device of claim 3 wherein the lattice has a lattice constant a and 
the holes have a diameter between about 0J.a and about 0.5a. 

6. (Original) The device of claim 3 wherein the holes have a depth between 
about 0.05 X and about 5 X, where X is a wavelength of light emitted by the active region. 

7. (Original) The device of claim 3 wherein a lattice type, lattice constant, hole 
diameter, and hole depth are selected to create a predetermined radiation pattern, 

8. (Original) A light emitting device comprising: 
a first layer of first conductivity type; 
a first layer of second conductivity type; 

an active region disposed between a layer of first conductivity type and a layer of 
second conductivity type; 

a tunnel junction* the tunnel junction comprising: 

a second layer of first conductivity type having a dopant concentration greater 
than the first layer of first conductivity type; and 

a second layer of second conductivity type having a dopant concentration 
greater than the first layer of second conductivity type; and 
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a third layer of first conductivity type; 

wherein a thickness of the third layer of first conductivity type varies periodically; 
wherein the tunnel junction is between the first layer of first conductivity type and the 
third layer of first conductivity type. 

9. (Original) The device of claim 8 wherein: 

the second layer of first conductivity type has a dopant concentration ranging from 
about 10 t8 cnf 3 to about 5xJ0 2f W 3 ; and 

the second layer of second conductivity type has a dopant concentration ranging from 
about 10 18 cin 3 to about 5xl0 2( W 3 . 

1 0. (Original) The device of claim 8 wherein the second layer of first conductivity 
type has a dopant concentration Tanging from about 2xI0 20 cm* 3 to about 4xl0*°cm" 3 . 

1 1 . (Original) The device of claim 8 wherein the second layer of second 
conductivity type has a dopant concentration ranging from about 7xl0 19 cm' 3 to about 
9xlO , W 3 . 

12. (Original) The device of claim 8 wherein the tunnel junction has a voltage 
drop ranging from between about OV to about IV when operated in reverse-biased mode. 

1 3. (Original) The device of claim 8 wherein the tunnel junction has a voltage 
drop ranging from between about 0.1 V to about IV when operated in reverse-biased mode. 

14. (Original) The device of claim 8 wherein: 

the second layer of fust conductivity type has a thickness ranging from about 1 nm to 
about 50 nm; and 

the second layer of second conductivity type has a thickness ranging from about 1 nm 
to about 50 nm. 

1 5. (Original) The device of claim 8 wherein the tunnel junction has a thickness 
ranging from about 2 nm to about 100 nm. 

1 6. (Original) The device of claim 8 wherein the active region comprises III- 
nitridc material, 

17. (Original) The device of claim 8 wherein the periodic variation of thickness 
comprises a planar lattice of holes. 

1 8. (Original) The device of claim 1 7 wherein the planar lattice is selected from 
the group consisting of a triangular lattice, a square lattice, a hexagonal lattice, and a 
honeycomb lattice. 
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19. (Original) The device of claim 1 7 wherein the planar lattice includes more 
than one lattice type. 

20. (Original) The device of claim 1 7 wherein the lattice has a lattice constant a 
between about 0. 1 X and about 1 0 X, where X is a wavelength of light emitted by the active 
region. 

21 . (Original) The device of claim 1 7 wherein the lattice has a lattice constant a 
between about 0. 1 X and about 4 X, where X is a wavelength of light emitted by the active 
region. 

22. (Original) The device of claim 1 7 wherein the lattice has a lattice constant a 
and the holes have a diameter between about 0.1a and about 0.5a. 

23. (Original) The device of claim 17 wherein the holes have a depth between 
about 0.05 X and about 5 X, where X is a wavelength of light emitted by the active region. 

24. (Original) The device of claim 1 7 wherein the holes are filled with a dielectric. 

25. (Original) The device of claim 24 wherein the dielectric has a dielectric 
constant between about 1 and about 16. 

26.. (Original) The device of claim 8 wherein the third layer of first conductivity 
type has a thickness of at least 0. 1 microns. 

27. (Original) The device of claim 8 further comprising: 

a first electrode electrically connected to the first layer of first conductivity type; and 
a second electrode electrically connected to the third layer of first conductivity type. 

28. (Original) The device of claim 27 wherein the second electrode comprises a 
sheet attached to the third layer of first conductivity type, wherein the sheet contacts only 
thicker portions of the third layer of first conductivity type. 

29. (Original) The device of claim 8 wherein the periodic variation of thickness is 
formed on a first portion of the third layer of first conductivity type, the device further 
comprising an electrode electrically connected to a second portion of the third layer of first 
conductivity type. 

30. (Original) The device of claim 8 wherein a ratio of the period of the periodic 
structure and the wavelength of light emitted by the active region in air is about 0.1 to about 
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31. (Original) The device of claim 8 whereinr 

the periodic variation of thickness comprises a lattice of holes; and 
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a lattice type, lattice constant, hole diameter, and hole depth are selected to create a 
predetermined radiation pattern. 

32. (Original) A method comprising: 
forming a first layer of first conductivity type; 
forming a first layer of second conductivity type; 

forming an active region between a layer of first conductivity type and a layer of 
second conducti vity type; 

forming a tunnel junction, the tunnel junction comprising: 

a second layer of first conductivity type having a dopant concentration greater 
than the first layer of first conductivity type; and 

a second layer of second conductivity type having a dopant concentration 
greater than the first layer of second conductivity type; 
forming a third layer of first conductivity type; and 

forming a plurality of holes formed in the third layer of first conductivity type; 
wherein: 

the tunnel junction is between the first layer of first conductivity type and the 
third layer of first conductivity type; 

the plurality of holes formed a lattice; and 

a lattice type, lattice constant, hole diameter, and hole depth are selected to 
create a predetermined radiation pattern. 

33 . (New) A light emitting device comprising: 

a Ill-nitride semiconductor structure including an active region disposed between an n- 
type and a p-type region; and 

a photonic crystal structure formed in an n-type region, the photonic crystal 
comprising a planar lattice of holes, each of the holes having a depth extending from a top 
opening to a bottom surface, wherein the top openings of the holes are located on a surface of 
the n-type region in which the photonic crystal structure is formed. 

34. (New) The device of claim 33 wherein the lattice has a lattice constant a 
between about 0.1 X and about 10 X, where X is a wavelength of light emitted by the active 
region, 

35. (New) The device of claim 33 wherein the lattice has a lattice constant a and 
the holes have a diameter between about 0.1a and about 0.5a. 
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36. (New) The device of claim 33 wherein the holes have a depth between about 
0.05 X and about 5 X, where A. is a wavelength of light emitted by the active region. 

37. (New) The device of claim 33 wherein a lattice type, lattice constant, hole 
diameter, and hole depth are selected to create a predetermined radiation pattern. 

38. (New) The device of claim 33 wherein the bottom surfaces of the holes are 
located within the n-type region in which the photonic crystal structure is formed. 
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